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ABSTRACT
To study how drugs may disrupt short-term memory function,
squirrel monkeys were trained to respond under a titrating de-
layed matching-to-sample schedule of reinforcement. Monkeys
could respond on each of three keys in an operant chamber. At
the start of each trial, the 30th response on the center key
illuminated each of the side keys, one of which matched the
stimulus presented on the center key (simultaneous matching).
A response to the correct (matching) side key turned off all
stimuli and initiated a delay, the length of which varied as a
function of ongoing performance. After the delay, stimuli were
randomly presented on two of the three keys. A response to the
key which matched the color on the center key before the delay
resulted in delivery of a food pellet (delayed matching). Incorrect
simultaneous or delayed matching responses initiated a time-
out. Under this procedure, diazepam and scopolamine decreased
delayed matching accuracy at one or more doses that did not
significantly decrease mean delay values, but only scopolamine
decreased matching accuracy at a dose that did not significantly
decrease response rates. Cocaine decreased mean delay values
after the highest dose without affecting matching accuracy.
Pentobarbital and methylscopolamine decreased matching ac-
curacy and mean and maximum delay values after the highest
doses. Nicotine and phencyclidine produced small decreases in
delayed matching accuracy without affecting mean and maxi-
mum delay values. Caffeine, morphine, physostigmine and neos-
tigmine did not alter matching performance even after doses that
markedly decreased rates of responding. This study shows that
the effects of drugs of abuse on matching-to-sample perform-
ance may differ from each other as well as from those of the
cholinergic antagonist scopolamine.
Many drugs of abuse produce amnestic effects, but there are
only a small number of reports in the literature in which
operant procedures have been applied to the study of these drug
effects. One technique which has been used as an index of drug
effects upon short-term memory function in a number of species
is the matching-to-sample procedure. In the delayed matching-
to-sample procedure as described by Ferster (1960) and Blough
(1959), a sample visual stimulus is presented to the subject for
a period of time, after which it is removed. After a delay period,
the original stimulus must be selected from among two or more
stimuli. This procedure has been used in a number of species,
including rhesus monkey (Scheckel, 1965; Bartus, 1978) and
pigeon (McMillan, 1981, 1982; Wenger and Wright, 1990; Ber-
ryman et at., 1962). Considerably less success has been met in
training rodents to match visual stimuli (Wallace et at., 1980;
G.R. Wenger, unpublished observations).
When drugs of abuse have been studied in animals respond-
ing under a matching-to-sample base line, a wide range of
effects have been observed. For example, psychomotor stimu-
lants, such as d-amphetamine, and opiate analgesics, such as
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morphine, have been shown to produce minimal effects upon
matching performance (McMillan, 1981; Schulze and Paule,
1991; Teal and Evans, 1982; Wenger and Wright, 1990; Wenger
et at., in press), although these same drugs are well known for
their ability to disrupt rates and patterns of behavior main-
tamed by other schedules of reinforcement (i.e., McMillan,
1974, 1979; McMillan and Morse, 1967; Lucot et at., 1979). In
contrast, drugs such as pentobarbital, phenobarbital, diazepam
and phencyclidine appear to have rather selective effects upon
matching performance in the pigeon, in that they can disrupt
matching performance at doses that do not greatly decrease
response rates (Berryman et at., 1962; Wenger and Wright,
1990; Picker et at., 1985).
There are only a small number of published reports on the
performance of squirrel monkeys responding under a matching-
to-sample base line. For example, Cook and Davidson (1968)
showed that strychnine could improve performance under the
schedule, whereas d-amphetamine generally produced de-
creases in performance. DeNoble et at. (1991) reported that the
5-hydroxytryptamine antagonists ketanserin and mianserin
improved performance in a group of monkeys in which the
base-line level of accuracy was low, as well as in a second group
of monkeys whose performance was impaired by hypoxia. How-
ABBREVIATION: FR, fixed ratio.
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ever, the systematic investigation of the effects of drugs of
abuse upon matching-to-sample performance in the squirrel
monkey has not been reported previously.
A disadvantage of using the matching-to-sample procedure
to study drug effects on short-term memory function is that
control performance is frequently not significantly different
from 100% accuracy, especially after shorter delay values, thus
resulting in a “ceiling effect” on performance. Previous studies
in our laboratory (Wenger and Wright, 1990) have shown that
this difficulty can be overcome by the use of a titration proce-
dure. Under this procedure, the delay value varies as a function
ofthe subjects’ ongoingperformance (i.e., as accuracy improves,
the delay value becomes longer, and as accuracy decreases, the
delay value becomes shorter). This allows for increases as well
as decreases in performance to be observed after drug admin-
istration with a much less prominent “ceiling effect.” Addi-
tionally, because a broader range of dependent variables is
being measured (maximum and mean delay values, in addition
to accuracy and response rate), a profile of a drug’s effects can
be made based upon differential effects upon the dependent
variables, thus facilitating comparisons among the effects of
different drugs.
The purpose of the present study was to characterize the
effects of a number of drugs of abuse upon performance under
the titrating delayed matching-to-sample procedure and to
compare the effects to those of drugs with well-characterized
amnestic effects (anticholinergics such as scopolamine as well
as the benzodiazepine diazepam). An additional purpose of this
study was to compare drug effects in the squirrel monkey to
those previously reported in the pigeon and rhesus monkey
responding under similar base lines. The results of the present
experiments show that the matching performance of squirrel
monkeys that were trained to respond under a titrating delayed
matching-to-sample procedure is differentially sensitive to the
effects of several drugs from divergent pharmacologic classes,
and that similarities as well as some differences may exist in
drug effects among different species.
Methods
Subjects. Five adult male squirrel monkeys (Saimiri sciureus) were
used. They weighed between 540 and 610 g after a reduction to 85% of
free-feeding body weight. Body weight was maintained by postsession
feeding of Purina Monkey Chow biscuits (Purina Mills, St Louis, MO),
and monkeys were given access to fresh fruit or vitamin supplements
4 days per week.
Apparatus. Animals were trained and tested in Plexiglas chairs
that loosely restrained monkeys about the waist (Hake and Azrin,
1963). On the chair panel in front of each monkey were three response
keys (Model #G-6315, Gerbrands Corp, Arlington, MA), each located
14 cm above the Plexiglas plate that surrounded the waist of the
animal. Response keys were 10 cm apart and could be transilluminated
with either white or blue light. Depression of response keys with a force
>0.15 N opened the key contact, defining a response. Beneath the
center key was a pellet cup, to which 97-mg banana-flavored pellets
(P.J. Noyes Co., Lancaster, NH) were delivered. The pellet cup could
be illuminated by a green stimulus lamp located within the housing of
the cup. Mounted at the top of the panel was a 28-V, yellow stimulus
lamp (houselight). A tone generator (Sonalert, Mallory Corp, Indian-
apolis, IN) was located on the back of the panel holding the stimulus
lamps. The chair assemblies were enclosed in ventilated, sound-atten-
uating chambers, and the room housing the chambers was continuously
flooded with ambient white noise. All events were controlled and
recorded by microprocessor equipment in an adjacent room.
Procedure. The titrating matching-to-sample procedure consisted
of three phases. All trials were initiated by illumination of the house-
light. After a period of time that randomly varied from 3 to 9 sec, the
center key of the chamber was illuminated with the sample stimulus,
either a continuous white stimulus or a blue stimulus, which oscillated
off and on at 6.25 Hz (observation phase). Presentation of the white
stimulus on the center key was accompanied by white noise delivered
through a speaker mounted inside the operant chamber. Presentation
of the blue stimulus on the center key was accompanied by a clicking
noise at 6.25 Hz. Each 30th response on the center key (FR 30)
illuminated the side keys (the simultaneous matching phase), one of
which was white and the other oscillating blue, the positions of which
varied from trial to trial. If subjects did not complete the FR 30 on the
center key within 20 sec, the trial was terminated (i.e., the sample
stimulus was extinguished and the variable delay before the presents-
tion of the sample stimulus was initiated) and a new trial was started,
utilizing the same stimulus as on the previous trial. During this simul-
taneous matching phase, a response to the side key that was transillu-
minated with the stimulus that did not match the sample stimulus on
the center key produced a 0.6-sec presentation of tone from the Son-
alert, and turned off all stimuli for 5 see, after which a new trial was
started. A response to the correct side key (that which matched the
sample stimulus on the center key) turned off the houselight and the
auditory stimulus and turned on the green lamp in the pellet cup for a
period of at least 3 sec. After a correct simultaneous matching response,
the delay period was initiated. During the delay period, responses had
no scheduled consequences. After the delay period, the pellet cup’s
lamp was turned off, and two of the three response keys were illumi-
nated with the white and oscillating blue stimuli, the positions of which
varied randomly among the three keys in each trial (delayed matching
phase). A single depression of the key that was illuminated with the
stimulus that matched the original stimulus on the center key during
the observation phase produced the reinforcing stimulus (delivery of a
food pellet to the pellet cup and illumination of the pellet cup’s lamp
for 3 sec). If an incorrect delayed matching response was made, all
illumination in the chamber was turned offand the Sonalert was turned
on for 20 sec. Before initiation of the next trial, the chamber was
darkened, with all visual and auditory stimuli turned off for a period
of 10 sec (intertrial interval). Auditory feedback to a response was
provided by a relay mounted in the chamber, which was operated when
appropriate responses were made during each phase (i.e., center key
responses during the FR 30 in the simultaneous matching phase, correct
simultaneous matching responses, correct delayed matching responses).
Sessions continued for 50 delayed matching-to-sample trials or I hr,
whichever occurred first.
During the first five trials of each session, the delay value was
maintained at 3 sec. On the sixth and subsequent trials, if on each of
the five previous trials the correct matching response was made, the
delay value increased by 3 sec. If in four of the five previous trials a
correct matching response was made, the delay value was maintained
at its current level. If in three or fewer of the previous five trials a
correct matching response was made, the delay value decreased by 3
sec, to a minimum value of 3 sec.
Drug administration. Once stable performance, defined as no
significant trends in responses/eec, mean delay values or percent ac-
curacy, was achieved, drug testing began. Drug effects were determined
on Tuesdays and Fridays, and vehicle was administered on Thursday
control sessions. The following drugs were administered before test
sessions: scopolamine hydrobromide (0.003-0.1 mg/kg), methylscopo-
lamine bromide (0.001-0.01 mg/kg), sodium pentobarbital (0.3-5.6 mg/
kg), morphine sulfate (0.1-1.8 mg/kg), cocaine hydrochloride (0.1-1.8
mg/kg), diazepain (0.1-1 mg/kg), caffeine sodium benzoate (1-30 mg/
kg), nicotine hydrogen tartrate (0.1-1 mg/kg), phencyclidine hydro-
chloride (0.03-0.3 mg/kg), physostigmine sulfate (0.003-0.1 mg/kg) and
neostigmine bromide (0.003-0.1 mg/kg). Dosages were administered to
individual monkeys in an irregular order and in a volume of 1 ml/kg
i.m. Diazepam and caffeine were administered 30 mm before sessions.































122 Hudzlk and Wenger Vol. 265
before sessions. All other drugs were administered 5 mm before sea-
siOns. All doses are expressed in terms of the salts, except for diazepam,
which is expressed in terms of the free base.
Morphine was purchased from Malinckrodt (St. Louis, MO). Co-
caine, physostigmine, neostigmine, pentobarbital, caffeine, scopola-
mine, methyiscopolamine and nicotine were purchased from Sigma
Chemical Co. (St Louis, MO). Phencyclidine was obtained from the
National Institute on Drug Abuse (Rockville, MD). Diazepam was
obtained from Hoffman LaRoche (Nutley, NJ). All drugs were dissolved
in physiological saline except for diazepain, which was dissolved in a
vehicle consisting of 10% ethanol, 40% propylene glycol and 50% water.
Data analysis. The following data were collected for each session:
the mean and maximum delay values that were achieved during the
session, the percentage of trials in which correct simultaneous and
delayed matching responses were made (accuracy), the number of
completed trials and the responses per second on the center key during
the observation phase, which was calculated as the average time to
complete the FR 30 on the center key once the first response in the FR
30 was made (running rate). The average latency to initiate a trial
(latency to emit the first response of the FR 30 during the observation
phase), the average latency to choose a matching stimulus during the
delayed matching phase and the number of completed trials were also
calculated. For all means, S.E. are shown. For control means, which
were based upon four observations per subject, a conservative calcula-
tion of the S.E. was used by dividing the S.D. by the square root of the
number of monkeys participating in the mean (N = 5) rather than by
the number of observations contributing to the mean (N = 20). This
provided a more comparable S.E. for the control values relative to the
drug values because the S.D. was divided by the same value as the S.D.
for the individual drug values (N = 5), but still used all of the control
data in the calculation of the S.D. Dose-effect curves represent means
for five animals, with the exceptions of neostigmine and cocaine, which
represent the means of four animals. If a given monkey failed to
complete at least 10 trials after drug administration, data for the
monkey were not included in the mean calculations for all measures
except response rates and number of completed trials. Saline control
values were compared to individual dose-effect points utilizing Mann-
Whitney U tests. Drug effects were considered significant if P < .05.
Results
Vehicle control performance. Acquisition required 5ev-
eral adjustments in schedule and stimulus parameters over the
course of numerous daily sessions, but once the terminal ached-
tile was reached, animals acquired stable performance within
60 daily sessions. Under control conditions, delayed matching
accuracy averaged 77 ± 2.5% and simultaneous matching ac-
curacy averaged 87.2 ± 1.5%. Monkeys maintained overall
mean and maximum delay values of 11.5 ± 2.8 and 24.5 ± 4.4
see, respectively, but the range of the delay values was quite
wide. For example, some monkeys achieved maximum delay
values in excess of 60 sec, whereas others rarely exceeded 15-
sec maximum delays. Similarly, mean delay values ranged from
4.1 to 40.4 sec, but 90% of all mean delay values were between
5 and 22 sec in duration. The running response rate on the
center key under the FR 30 averaged 2.18 ± 0.3 responses/sec.
Latencies to initiate responding on the center key during the
observation phase averaged 4 ± 0.3 sec. After the delay period,
the latency to emit a matching response averaged 2 ± 0.3 sec.
There was no evidence of response bias toward any particular
stimulus type or location. Under control conditions, monkeys
always completed all 50 trials.
Effects of drug of abuse. Pentobarbital (fig. 1) produced
decreases in simultaneous and delayed matching accuracy, as
well as in mean and maximum delay values maintained under








Fig. 1. Effects of pentobarbital on behavior of squirrel monkeys respond-
ing under the titrating delayed matching-to-sample schedule. Upper
panel: Simultaneous and delayed matching accuracy as a function of
pentobarbital dose. Center panel: Maximum and mean delay values
obtalned. Bottom panel: Responses per second. Control values for each
measure are shown on the left-hand side of each figure, above the
broken axis labeled VS.” Data points represent the means and S.E. for
five subjects. Whenever subjects failed to complete 10 or more tilals,
their data were excluded from group data except for response rates,
and the numbers in parentheses next to data points denote the number
of monkeys used in the calculation of those means. *) < #{216}5,Mann-
Whitney U test.
which disrupted delayed matching performance, also decreased
response rates to about 60% of their control levels. Although
response rates were decreased by the highest pentobarbital
dose, monkeys completed all 50 trials after this dose.
Diazepam (fig. 2) decreased both simultaneous and delayed
matching accuracy, but delayed matching accuracy was de-










































































































Fig. 2. Effects of diazepam on titrating delayed matching performance in
squirrel monkeys. V, vehicle control.  < .05, Mann-Whftney U test.
Other data are presented as In figure 1.
decreased relative to control only after the highest dose (1 mgI
kg). Response rates, however, were decreased with respect to
control after 0.3 mg/kg or more diazepam. Only the highest
dose ofdiazepam decreased the total number oftrials completed
to an average of 17 ± 4.5 trials.
In contrast to the effects of pentobarbital and diazepam,
phencyclidine was much less efficacious in altering delayed
matching performance (fig. 3). An intermediate dose of phen-
cyclidine (0.18 mg/kg) decreased delayed matching accuracy by
7% from base line (half that of the decrease produced by
pentobarbital or diazepam). Interestingly, no consistent effects
were noted on the mean and maximum delay values across the
dose range studied. Despite its lack of effects on delay values,
phencyclidine did produce a clear, dose-related decrease in
response rates over the dose range studied, with the number of
Fig. 3. Effects of phencyclidine on titrating delayed matching performance
in squirrel monkeys. * < .05, Mann-Whitney U test. Data are presented
as in figure 1.
trials completed decreasing to an average of 28 ± 8.7 trials after
the highest dose (0.3 mg/kg).
The effects of cocaine, caffeine and morphine are shown in
table 1. Cocaine was inactive in altering matching accuracy
across the dose range studied, but the highest dose of cocaine
(1.8 mg/kg) decreased mean and maximum delay values. Re-
sponse rates were decreased by cocaine after doses of 1 mg/kg
or higher. Cocaine also produced a protracted pause at the
beginning of the session, which increased with increasing co-
caine dose. However, no dose of cocaine decreased the total
number of trials completed. Caffeine was ineffective in altering
any of the measured parameters except at the highest dose (30
mg/kg), which decreased response rates as well as the number
of trials completed to 34.6 ± 10. Morphine also did not alter
matching performance across the dose range studied. Higher
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TABLE 1
Effects of cocaine, caffeine, morphine, physostigmine, neostigmine
and methylscopolamine on titrating delayed matching-to-umple
performance In the squirrel monkey
PerM Ac D Vdue
mg/kQ S - Re
MM Ma
Cocarne
S 90 (5.9) 75 (3.3) 21 .2 (4.6) 9.7 (2.7) 2.1 (0.26)
0.1 88.7(5.9) 79(1.71) 30(9.4) 13.2(5) 2.4(0.35)
0.3 90.7 (7.7) 75.5 (1 .5) 17.2 (3) 7.7 (1 .5) 2.5(0.2)
1 95.9(2) 70(4.3) 19.5(7.7) 10.7(6) 1.09 (0.1)*
1.8 84(8.7) 68(4.9) 10(2)* 3.8(0.4)* 1.15(0.2)*
Caffeine
S 87.2(6) 74(3.9) 24.6(5) 10.4(2.8) 2.2(0.3)
1 89.6(3.5) 78.8(2.1) 25.2(6) 12.5(5) 2.2 (0.28)
3 83.2(9) 72.4(4.1) 19.8(3.9) 8.6(2.1) 2.2(0.25)
10 90.5(3.1) 77.5(2.3) 23.3(4.8) 10.4(2.8) 2.06(0.3)
30 79 (1 1) 73.8 (2.6) 20.3 (3.5) 7.7 (1 .3) 1 .42 (0.4)*
Morphine
S 89.1(4) 74.8(3) 23.4(4) 9.8(2.1) 2.1(0.2)
0.1 86.8 (5.8) 76.8 (3.8) 28.2 (10) 14 (6) 2.1 (0.3)
0.3 86.8(5) 78.8(2.3) 31.8(6.9) 14.4(5.5) 2.24(0.2)
1 83.5(5.1) 78.5(2.8) 25.2(4) 11.1 (2.5) 1.02(0.4)*
1.8 80.8(5.3) 72.3(6.7) 13.5(3.5) 6.8(2.23) 0.5(0.4)
Physostigmine
S 92.2(3) 76(3.2) 27(15) 12.5(4) 2.1 (0.2)
0.003 92.8(2) 77.2(2.3) 29.4(8) 14.1 (4.4) 2.22(0.2)
0.01 91.7(3.3) 78.4(2) 26.4(6) 12(3.8) 2.05 (0.2)
0.03 77(11.8) 71.3(3.1) 16.8(4.6) 8.3(2.1) 1.14(0.2)*
0.1 #{149} a a a 0.03 (0.02)*
Neosfigmine
S 89(7) 79(2.5) 25.1 (6) 11.9(4) 2.1 (0.3)
0.003 88 (6) 81 .5 (0.4) 26.2 (3.8) 12.1 (1.9) 2.24(0.3)
0.01 93(2.3) 76(3.8) 30(6.6) 14.5(5.4) 2.25(0.3)
0.03 93.5(1.3) 78(2.2) 17(3.5) 8.8(2.1) 2.3(0.3)
0.1 89.3(4.1) 72(6.2) 18(2.3) 8.7(1.91) 0.6(0.2)*
Methylscolopamine
S 85 (6) 73 (4) 20.2 (4.7) 8.84 (2) 2.1 (0.3)
0.0003 94.7(3.3) 72.7(4.2) 18(4) 7.3(1.3) 1.5(0.2)
0.001 82.2(6.5) 75.6(3.3) 25.8(6.3) 11.1 (2.8) 2(0.2)
0.003 80.9(6) 65.8(5.1) 14.4(3) 5.8(1.5) 1.4(1)
0.01 69(3.2)* 57.6(2)* 6.6(1.7)* 3.4(0.2) 1.05(0.2)*
a p < .05, Mann Whitney U test.
a Fewer than 10 trIals were completed by any monkey.
doses (1 and 1.8 mg/kg) significantly decreased response rates
(table 1), and decreased the number of trials completed to 36.2
± 6.2 and 24.6 ± 8.1 trials, respectively.
Effects of cholinergic agents. Scopolamine produced de-
creases in both simultaneous and delayed matching accuracy,
but did not decrease delay values or the number of trials
completed until the highest dose was administered, which
nearly eliminated responding (fig. 4). At this dose, only two of
the five subjects completed more than 10 trials.
Methylscopolamine, much like pentobarbital, did not alter
matching performance until the highest dose was administered
(0.01 mg/kg), which decreased delayed and simultaneous
matching accuracy, delay values and response rates (table 1).
The 0.003 and 0.01 mg/kg doses of methylscopolamine pro-
duced profuse salivation and retching. Animals did not consume
the food pellets earned after the two higher doses of methyls-
copolamine, and this trend continued into the following week.
In contrast, subjects always consumed the food pellets after
scopolamine administration.
Higher doses of nicotine (0.3 and 1 mg/kg) decreased simul-
taneous matching accuracy, whereas delayed matching accuracy
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Fig. 4. Effects of scopolamine on titrating delayed matching performance
in squirrel monkeys. Data are presented as in figure 1.
(fig. 5). As after phencyclidine, mean and maximum delay
values were not affected by nicotine. Response rates were
decreased by 1 mg/kg nicotine; however, subjects completed all
50 trials. The other cholinergic agonists, physostigmine and
neostigmine, did not significantly alter any measure of match-
ing performance (table 1), despite marked decreases in response
rates after higher doses.
Latencies to initiate a trial always increased proportionally
whenever drug administration resulted in decreases in response
rates (data not shown). Of the drugs tested, only diazepam
increased choice key latencies after the two highest doses (0.56
and 1 mg/kg) to 3.33 ± 0.51 and 4.42 ± 0.55 sec, respectively.
Hence, the increase in choice latencies did not contribute much
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Fig. 5. Effects of nicotine on titrating delayed matching performance in
squirrel monkeys. Data are presented as in figure 1.
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Discussion
The drugs tested in the present experiment produced several
different patterns of effects on delayed matching performance
in the squirrel monkey. Diazepam and scopolamine decreased
delayed matching accuracy at a dose that did not decrease
maximum and mean delay values, but after higher doses, delay
values were decreased. Cocaine, on the other hand, selectively
decreased mean delay values without decreasing overall accu-
racy. Pentobarbital and methylscopolamine decreased all in-
dices of matching performance after the highest doses. Phen-
cyclidine, like nicotine, failed to alter delay values even after
high doses, but decreased delayed matching accuracy.
Scopolamine produced what could be called the most specific
effect on memory function because decreases in matching ac-
curacy were observed after a dose which did not decrease the
rate of responding. However, even though decreases in the
mean delay values observed with most of the other drugs were
associated with decreases in rates of responding, these decreases
in delay values cannot be totally due to nonspecific decreases
in rates of responding. This is because in most cases, even after
doses which decreased the rate of responding, monkeys still
completed all of the available trials during a session. Thus, the
decreases in mean delay values must be attributed to decreases
in matching accuracy and can be interpreted as a disruption in
memory function.
A number of studies have reported the effects of central
nervous system depressants on matching-to-sample perform-
ance. The effects of diazepam and pentobarbital reported here
are in agreement with several other studies showing that these
drugs decrease matching-to-sample performance in pigeons
(Berryman et al., 1962; Lanson et al., 1987; McMillan, 1982;
Wenger and Wright, 1990; Wenger et at., in press) and rhesus
monkeys (Schulze et at., 1989; Nicholson et at., 1973). However,
in previous experiments in the pigeon utilizing a similar titrat-
ing matching-to-sample base line, both pentobarbital and di-
azepam decreased matching performance at doses that did not
decrease response rates (Wenger and Wright, 1990; Wenger et
al. , in press). Such selectivity was not noted in the present
experiments with these drugs, and whether this represents
species or schedule differences is not clear, but the potential
influence of these factors is currently under investigation.
There have been a number of conflicting reports on the
effects of psychomotor stimulants on matching-to-sample per-
formance. For example, in the pigeon, some studies have re-
ported no effect of cocaine or d-amphetamine on delayed
matching-to-sample performance (Wenger and Wright, 1990;
McMillan, 1981), whereas others have reported performance
decrements after cocaine administration (Branch and Dearing,
1982) and in a related procedure (delayed conditional discrim-
ination) after d-amphetamine administration (Nielsen and Ap-
pel, 1983). In the rhesus monkey, d-amphetamine did appear
to produce matching-to-sample disruption (Glick and Jarvik,
1969; Schulze and Paule, 1990), although the effect in the latter
experiment was restricted to matching responses after very
long (32 sec) delays. Cook and Davidson (1968) also showed
that higher doses of d-amphetamine may disrupt matching-to-
sample performance in squirrel monkeys. This suggests that
primates may be more sensitive to the disruptive effects of
sympathomimetics on matching-to-sample performance than
are pigeons. However, not all stimulant drugs may be expected
to alter matching performance in primates because caffeine
was inactive in the present study.
Phencyclidine was somewhat less efficacious in disrupting
delayed matching-to-sample performance in the present study
than were pentobarbital or diazepam, in that it only slightly
decreased delayed matching accuracy after an intermediate
dose. However, there have been a number of reports on the
disruptive effects of phencyclidine in several procedures de-
signed to assess short-term memory, including titrating delayed
matching-to-sample in the pigeon (Wenger and Wright, 1990),
and related complex behaviors, such as impaired acquisition of
response chains in Patas monkeys (Thompson and Moersch-
baecher, 1984), delayed performance in repeated acquisition
schedules (Thompson et at., 1986) and retention of Y-maze
reversal training in rats (Handelmann et at., 1987). Addi-
tionally, a very high percentage of human phencyclidine users
report amnestic effects while under the influence of the drug
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(Fauman and Fauman, 1981). The failure to observe a large
effect of phencyclidine in the present experiment may have
been due to a number of factors, including species differences
and schedule differences. The influence ofthe titrating schedule
on the lack of efficacy of phencyclidine in the present study
was arguably minimal, because phencyclidine was effective in
decreasing matching performance in pigeons responding under
a very similar titrating delayed matching-to-sample schedule
(Wenger and Wright, 1990). With regard to the former possi-
bility, it is difficult to address whether true species differences
may exist for the amnestic effects ofphencyclidine in the pigeon
relative to the primate, because to our knowledge, the effects
of phencyclidine have not been previously reported in monkeys
responding under a matching-to-sample base line.
Anticholinergic drugs have been reported to alter perform-
ance in a number of procedures, including titrating matching-
to-sample (Wenger, 1990; Wenger et al., in press), delayed
temporal discrimination in the pigeon (Santi and Bridson,
1991), delayed spatial alternation in the rat (Shannon et al.,
1990) as well as in matching-to-sample in the rhesus monkey
(Penetar and McDonough, 1983; Bartus, 1978; Bartus and
Johnson, 1976; Bohdanecky et al., 1967). In several of these
studies (Wenger, 1990; Wenger et at., in press; Bohdanecky et
at., 1967), the peripherally acting drug methyiscopolamine was
inactive in decreasing matching performance, suggesting that
the effects of scopolamine were mediated centrally. However,
other studies have suggested that this may not always be the
case. For example, van Haaren et al. (1989) and the present
study both reported that methylscopolamine was active in
decreasing accuracy and response rates under a fixed consecu-
tive number schedule and decreasing accuracy under a titrating
matching-to-sample schedule, respectively. In addition, in the
van Haaren et at. (1989) study, methylscopolamine was reported
to be more potent than scopolamine. Therefore, it is possible
that the effects of scopolamine are mediated by peripheral
mechanisms. However, one observation suggests that the two
drugs may have produced their effects via different mechanisms
in the present experiments. Methylscopolamine has been
shown to produce conditioned place aversions in rats (Hughes
et aL, 1989), and therefore, probably has aversive effects. Ad-
ministration of intermediate to high doses of methylscopolam-
me in the present study produced retching, resulting in an
aversion to the food pellets that lasted for up to a week after
treatment. No such effect was noted after scopolamine admin-
istration. The greater potency of methylscopolamine over sco-
polamine in the present study is interesting and is possibly
related to these apparent aversive properties. Another possible
explanation, however, is that the effects noted after the highest
dose of methylscopolamine were the result of a quantity of
methylscopolamine crossing the blood-brain barrier.
One problem in the interpretation of our data as representing
differential disruption of performance (i.e., significant de-
creases in accuracy without decreases in delay values) is that
in some cases (i.e., after diazepam), the magnitude of these
effects was small, and may, therefore, have been artifactual.
However, despite these small effects, variance was generally
low about the mean values shown, indicating that decreases
were observed in the majority of animals. One exception is the
effects of scopolamine, after which the variance about mean
and maximum delay values was somewhat higher, and perhaps
the suggestion of differential effects on accuracy and delay
values after this drug should be interpreted with some caution.
The different patterns of effects on matching performance
. produced by the drugs tested in the present study are interesting
because they may reflect differences among the mechanisms
whereby these drugs disrupt short-term memory function. In
the titrating delayed matching-to-sample procedure, the extent
to which mean delay values increase depends upon the subject’s
ability to emit a number of consecutive, correct delayed match-
ing responses. However, if one out of every five consecutive
matching responses made is incorrect, then the mean delay
value will not increase over 3 sec, yet overall delayed matching
accuracy will remain at base line (80% correct). Given that
cocaine administration resulted in mean and maximum delay
values that did not increase as much as under control conditions
without affecting accuracy, a similar sequence of errors and
correct responses must have occurred. This suggested pattern
of errors was supported by examination of the cumulative
records. Phencyclidine and nicotine, on the other hand, de-
creased accuracy without any effect upon mean delay values.
One likely explanation of this is that a sufficient number of
consecutive correct matching responses was made to produce
an increase in the delay values, which was followed by a
sufficient number of incorrect matching responses that resulted
in decreases in overall accuracy. After a long sequence of correct
responses, mean delay value will continue to increase for a
number of trials, whereas accuracy will only decrease. An
examination of the cumulative records suggested such a pattern
of responding. Such differences in patterns of effects on match-
ing performance are not evident when, for example, pentobar-
bital and phencyclidine are administered to pigeons responding
under the titrating matching-to-sample procedure (Wenger and
Wright, 1990). In that case, there is a close correlation between
decreases in mean delay values and accuracy after drug admin-
istration. Because of the importance of the pattern of errors in
the responding of the squirrel monkey under the titrating
delayed matching-to-sample schedule, we are now quantifying
these patterns.
In summary, several different patterns of drug effects were
observed in squirrel monkeys trained to respond under a titrat-
ing delayed matching-to-sample schedule of reinforcement.
Scopolamine, diazepam and, to a lesser extent, nicotine and
phencyclidine decreased delayed matching accuracy at one or
more doses that did not alter delay values. Cocaine decreased
mean and maximum delay values, but not accuracy after the
highest dose. Pentobarbital and methylscopolamine decreased
delayed matching accuracy and mean and maximum delay
values after the highest doses. Caffeine, morphine, physostig-
mine and neostigmine did not alter accuracy or delay values,
even after doses which markedly suppressed response rates.
These data show that drugs can produce different patterns of
effects upon performance under the matching-to-sample pro-
cedure, and that the effects of drugs in squirrel monkeys
responding under this schedule bear similarities (i.e. , scopola-
mine), as well as some possible differences (i.e., phencyclidine),
with respect to other species.
Acknowledgment
The authors wish to gratefully acknowledge Dr. D.E. McMillan for helpful
comments on the manuscript.
References
BARTUS, R. T.: Evidence for a direct cholinergic involvement in the scopolamine-
induced amnesia in monkeys: Effects of concurrent administration of physo-
stigmine and methylphenidate with scopolamine. Pharmacol. Biochem. Behav.
9: 833-836, 1978.
1993
Birrus, R. T. AND JOHNSON, H. R.: Short-term memory in the rhesus monkey:
Disruption from the anti-cholinergic scopolamine. Pharmacol. Biochem. Behav.
5: 39-46, 1976.
BEiurns*N, R., JARVIK, M. E. AND NEVIN, J. A.: Effects of pentobarbital, lysergic
acid diethylamide and chlorpromazine on matching behavior in the pigeon.
Psychopharmacology 3: 60-65, 1962.
BLOUGH, D. S.: Delayed matching in the pigeon. J. Exp. Anal. Behav. 2: 151-
160, 1959.
BOHDANECKY, A., JARVIK, M. E. AND CARLEY, J. L.: Differential impairment of
delayed matching in monkeys by scopolamine and scopolamine methylbromide.
Psychopharmacology 1 1: 293-299, 1967.
BRANCH, M. N. AND DEAIUNG, M. E.: Effects of acute and daily cocaine
administration on performance under a delayed matching-to-sample procedure.
Pharmacol. Biochem. Behav. 16: 713-718, 1982.
COOK, L AND DAVIDSON, A. B.: Effects of yeast RNA and other pharmacological
agents on acquisition, retention, and performance in animals. In Psychophar-
macology, a Review of Progress, ed. by D. H. Efron, J. 0. Cole, J. L. Levine
and J. R. Wittenborn, pp. 931-946, U.S. Government Printing Office, Wash-
ington, D. C., 1968.
DEN0&.E, V. J., SCHEAcK, L. M., REIGEL, A. L AND DENOBLE, K. F.: Visual
recognition memory in squirrel monkeys: effects of serotonin antagonists on
baseline and hypoxia-induced performance deficits. Pharmacol. Biochem. Be-
hay. 39: 991-996, 1991.
FAUMAN, M. A. AND FAUMAN, B. J.: Chronic phencydidine (PCP) abuse: A
psychiatric perspective. In PCP (phencycidine): Historical and Current Per-
spectives, ed. by E. F. Domino, pp. 419-436, NPP, Ann Arbor, MI, 1981.
FEaSTER, C. B.: Intermittent reinforcement of matching-to-sample in the pigeon.
J. Exp. Anal. Behav. 3: 259-272, 1960.
GLJcK, S. D. AND JARvIK, M. E.: Impairment by d-axnphetamine of delayed-
matching performance in monkeys. J. Pharmacol. Exp. Ther. 169: 1-6, 1969.
HAKE, D. F. AND AZRIN, N. H.: An apparatus for delivering pain shock to
monkeys J. Exp. Anal. Behav. 6: 297, 1963.
HANDELMANN, G. E., CoNTnziis, P. C. AND O’DoNoHuE, T. L.: Selective
memory impairment by phencydidine in rats. Eur. J. Pharmacol. 140: 69-73,
1987.
HUGHES, R. N., BLAMPIED, N. M., ANDERSON, G. J. AND WOOLLEH, G. J.:
Methylscopolamine and conditioned location avoidance. Pharmacol. Biochem.
Behav. 33: 913-914, 1989.
LANSON, R. N., ECKERMAN, D. A. AND BERRYMAN, R.: Effects of sodium
pentobarbital on matching behavior in the pigeon. Pharmacol. Biochem. Behav.
11: 159-164, 1978.
Lucor, J. B., MCMILLAN, D. E. AND LEANDER, J. D.: The behavioral effects of
d-aznphetamine alone and in combinations with acute and chronic morphine
treatments in rats. J. Pharmacol. Exp. Ther. 210: 158-165, 1979.
MCMILLAN, D. E.: Effects of narcotics and narcotic antagonists on operant
behavior. In Advances in Biochemical Psychopharmacology, voL 8: Narcotic
Antagonists, ed. by M. C. Braude, L. S. Harris, E. L May, J. P. Smith, and J.
E. Villareal, pp. 345-359, Raven Press, New York, 1974.
MCMILLAN, D. E.: Effects of d-amphetamine and caffeine on schedule-controlled
and schedule-induced responding. J. Exp. Anal. Behav. 32: 445-456, 1979.
McMILLAN, D. E.: Effects of chemicals on delayed-matching behavior in pigeons
I: acute effects of drugs. Neurotoxicology 2: 485-498, 1981.
McMILLN, D. E.: Effects ofchemicals on delayed-matchingbehavior in pigeons
II: Tolerance to the effects of diazepam and cross tolerance to phencyclidine.
Neurotoxicology 3: 138-141, 1982.
McMiuAN, D. E. AND MORSE, W. H.: Some effects of morphine and morphine
Squirrel Monkey Matching-to-Sample 127
antagonists on schedule-controlled behavior. J. Pharmacol. Exp. Ther. 157:
175-184, 1967.
NicHoLsoN, A. N., WRIGHT, C. M. AND FERRES, H. M.: Impaired performance
on delayed matching in monkeys by heptabarbitone, pentobarbitone sodium
and quinalbarbitone sodium. Neuropharmacology 12: 311-317, 1973.
NIELSEN, E. B. AND APPEL, J. B.: The effects of drugs on the discrimination of
color following a variable delay period: a signal detection analysis. Psycho-
pharmacology 80: 24-28, 1983.
PENETAR, D. M. AND MCDONOUGH, J. H.: Effects ofcholinergic drugs on delayed
match to sample performance in rhesus monkeys. PharmacoL Biochem. Behav.
19:963-967,1983.
PICKER, M., WHITE, W. AND POLING, A.: Effects of phenobarbital, clonazepam,
valproic acid, ethosuximide and phenytoin on the delayed matching-to-sample
performance of pigeons. Psychopharmacology 86: 494-498, 1985.
SANTI, A. AND BRIDSON, S.: The effects of scopolamine and cues to forget on
pigeons’ memory for time. Pharmacol. Biochem. Behav. 39: 935-940, 1991.
SCHECKEL, C. L.: Self-adjusting of the interval in delayed matching Limit of
delay for the rhesus monkey. J. Comp. Physiol. Psychol. 59: 415-418, 1965.
SCHULZE, G. E. AND PAULE, M. G.: Acute effects of d-amphetaxnine in a monkey
operant behavioral test battery. PharmacoL Biochem. Behav. 35: 759-765,
1990.
SCHULZE, G. AND PAULE, M. G.: Effects of morphine sulfate on operant behavior
in rhesus monkeys. Pharmacol. Biochem. Behav. 38: 77-83, 1991.
SCHULZE, G. E., SLIKKER, W. AND PAULa, M. G.: Multiple behavioral effects of
diazepam in rhesus monkeys. Pharmacol. Biochem. Behav. 34: 29-35, 1989.
SHANNON, H. E., BEMIS, K. G., HENDRIX, J. C. AND WARD, J. S.: Interactions
between scopolamine and muacarinic cholinergic agonists or cholinesterase
inhibitors on spatial alternation performance in rats. J. Pharmacol. Exp. Ther.
255: 1071-1077, 1990.
TEAL, J. L AND EVANS, H. L.: Effects of DDAVP, a vasopressin analog, on
delayed matching behavior in the pigeon. Pharmacol. Biochem. Behav. 17:
1123-1127, 1982.
THOMPSON, D. M., MASTROPAOLO, J. AND WINSAUER, P. J.: Repeated acquisi-
tion and delayed performance as a baseline to assess drug effects on retention
in monkeys. Pharmacol. Biochem. Behav. 25: 201-207, 1986.
THOMPSON, D. M. AND MOERSCHBAECHER, J. M.: Phencyclidine in combination
with d-amphetamine: Differential effects on acquisition and performance of
response chains in monkeys. Pharmacol. Biochem. Behav. 20: 619-627, 1984.
VAN HAjtEN, F., VAN HEaT, A. AND VAN HAVFUM, T.: Scopolamine and meth-
ylscopolamine differentially affect fixed-consecutive-nuxnber performance of
male and female wistar rats. Pharmacol. Biochem. Behav. 33: 361-365, 1989.
WALLACE, J., STEINERT, P. A., SCOBIE, S. R. AND SPEAi, N. E.: Stimulus
modality and short-term memory in rats. Anim. Learn. Behav. 8: 10-16, 1980.
WENGER, G. R.: The effect ofphencyclidine and ketamine on schedule-controlled
behavior in the pigeon. J. Pharmacol. Exp. Ther. 196: 172-179, 1976.
WENGER, G. R.: Scopolamine and physostigmine decrease matching behavior in
pigeons responding under a titrating delayed matching-to-sample schedule by
different mechanisms. FASEB J. 4: 619, 1990.
WENGER, G. R., HUDZIK, T. J. AND WRIGHT, D. W.: Titrating matching-to-
sample performance in pigeons: Effects ofdiazepam, morphine and cholinergic
agent8 Pharmacol. Biochem. Behav., in press.
WENGER, G. R. AND WRIGHT, D. W.: Disruption ofperformance under a titrating
matching-to-sample schedule of reinforcement by drugs of abuse. J. Pharmacol.
Exp. Ther. 254: 258-269, 1990.
Send reprint requests to: G. R. Wenger, Ph.D., Department of Pharmacology
and Toxicology, University of Arkansas for Medical Sciences, 4301 W. Markham
St. Slot 611, Little Rock, AR 72205.
